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I. Introduction
Produced by both nature and human activities, sulfur dioxide (SO2) is an important species in Earth's atmosphere. 1 This molecule has also been found in the atmospheres of other planets and satellites in the solar system. [2] [3] [4] Its solar photochemistry has been linked to recently discovered sulfur mass-independent fractionation (S-MIF) in ancient rock samples, 5 which suggests the onset of the Great Oxygenation Event (GOE) in Earth's atmosphere. [5] [6] [7] The sudden change of the isotope ratios of sulfur in the rock record about 2500 million years ago could be due to the shielding of the atmospheric SO2 from the solar ultra-violet (UV) rays by the nascent ozone layer. Despite extensive studies of the SO2 photochemistry, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] XA transition. [21] [22] [23] The spectroscopy of this so-called C band has been extensively studied in the past, and a plethora of spectroscopic data exist above the band origin at 42573 cm -1 . [24] [25] [26] [27] Above 218 nm, SO2 is known to predissociate, as evidenced by a sudden decrease of fluorescence and broadening of the spectral features. 21, 24, [28] [29] [30] [31] [32] [33] The dissociation dynamics to the SO( 3 X   ) and O( 3 P) species has been studied by a number of groups, using different experimental techniques. [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] There is experimental evidence that the SO internal excitation varies with the excitation photon energy. 41 At 193 nm, the SO vibrational state distribution has been found to be bimodal, with a peak near v=2 with hot rotational distributions and another peak at v=5 with less rotational excitation. correlates to the same triplet asymptote. 31 As shown in the same figure, the former has a higher energy crossing. The involvement of the repulsive triplet state is supported by spin polarization experiments. 35, 46 On the other hand, evidence for the involvement of the single repulsive state in dissociation also exists. 33 In addition, the dissociation has also been attributed to the ground electronic state after internal conversion. 29, 32 The precise mechanism of dissociation is still unclear, and may be dependent on the photon wavelength.
While many theoretical studies have been carried out on the spectroscopic properties of SO2 in the C band, 31, 45, 47-55 there has been no study of the dissociation dynamics. Such a process could ultimately yield the details relevant to the S-MIF effect. Indeed, the spectral range of 180-220 nm where a large S-MIF effect was found 8 coincides with the predissociation region in the C band, strongly suggesting the involvement of SO2 photolysis. In this publication, we present the first study of the photodissociation dynamics of SO2( 
II. Theory
In this work, we used the Chebyshev real wave packet method 56 to investigate the photodissociation dynamics of SO2 ( 1 2 CB). The Hamiltonian in the SO + O′ Jacobi coordinates (R, r, ) can be written as ( 1
where R denotes the distance between the O′ atom and the center of mass of SO, r is the S-O bond distance, and H , which can be readily estimated. The damping functions (D) were used to avoid reflection at the edge of the radial grids and its form is given below.
The absorption spectra were obtained from the discrete cosine Fourier transform of the
where E is the total energy and arccos E   is the Chebyshev angle. A window function
with α=0.00002 was multiplied on Eq. (3) to smooth the absorption spectra. 53 The distributions of all energetically available ro-vibrational products were obtained from discrete cosine Fourier transformations:
7 in which f k C are the corresponding Chebyshev cross-correlation functions, which was calculated
where f  are ro-vibrational eigenstates of the product SO, and R was fixed at R  =16.0 bohr in the product channel O + SO. The numerical parameters used in the calculations, including the form of the damping function, are summarized in Table 1 . CB ). The lowenergy features of these spectra have been extensively discussed and assigned in our recent publications. 54, 55 There, the agreement with available experimental data is excellent, providing convincing evidence in support of the accuracy of the PES. In the higher energy range (>~53000 cm -1 ), the widths of the resonances become broader, due apparently to the predissociation barrier resulted from a conical intersection with the repulsive 1 DA  state. The isotope-induced shifts of the absorption peaks have been extensively examined as it has been widely considered as the origin of the S-MIF effect. 11, 12, 18, 19, 52 As discussed in our recent work, the shifts of the spectra follow simple linear relationship with the photon energy, 55 in excellent agreement with known experimental data. 12, 19 The adiabatic dissociation barrier from SO2( It should be noted that the PES in the asymptotic region was modified to remove an artificial anisotropy in the asymptotic region near the SOO collinear geometry. This modification makes sure that the PES is isotropic in the asymptote. It has no effect on the vibrational distribution of the SO fragment, but shifts the rotational state distribution by no more than 5 rotational states.
III. Results and discussion
The wave packet method used in this work allows the determination of the product state distribution in all required energies from a single wave packet propagation. To highlight the energy dependence, we have computed all product state distributions with an energy interval of 0.001 eV above the predissociation barrier. In Figures 3-6 , the high-energy wing of the absorption spectra and the fraction of the product SO( shorter lifetimes. Unfortunately, the lifetimes of these resonance states cannot be accurately determined because they are often overlapping with each other. The SO vibrational state distribution is dependent on the individual resonances. However, a general trend exists that the vibrational excitation is higher at higher excitation energies. In the energy range < ~54000 cm -1 , the ground state product of SO dominates. As the excitation energy increases (54500~56000 cm -1 ), the first excited vibrational state (v=1) of the SO product has the largest population. In even higher energies, the dominated vibrational state v=2 can be found in some energy points.
In Figure 7 , the vibrational state distributions of the SO( originates from two sources. One is the bending energy of the SO2 wavefunction at the dissociation barrier. For this, the projection of the wavefunction at the barrier onto the SO rotational state is computed at the energies and displayed in Figure 8 along with the fragment rotational state distributions. As shown, the energy in the SO2 bending mode at the dissociation barrier is significantly smaller than that in the final state distribution. This is because the breaking of the S-O′ bond at the barrier, which is bent, exerts a torque of the departing SO, which channels energy into the fragment rotation during the final descend to the asymptote. In this case, the final state interaction is quite strong in the dissociation channel.
The internal excitation of the SO fragment can have a significant impact on its reactions with other atmospheric species, such as H2S, OH and O2. In a recent study, the reaction pathway for the SO + O2 → SO3 reaction has been explored. 18 It was shown that this reaction has a small thermal rate coefficient because of a number of barriers and bottlenecks along the reaction pathway. In another possible reaction, the SO can be reduced by H2S, leading eventually to elemental sulfur (S8). 58 It is conceivable that ro-vibrationally excited SO from the dissociation of SO2 could significantly increase the reaction rate of these reactions. Such reactions are thought to propagate the S-MIF generated in the photoexcitation of SO2. 
IV. Conclusions
In this work, we explore the dissociation dynamics of several isotopomers of SO2 following the excitation to the 
